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ABSTRACT 
 
Radiological images represent a 
high percentage of specialized 
medical diagnosis.  
Although these images contain 
useful information, their use is 
limited to access and availability. 
Therefore, storage solutions to 
facilitate cataloguing, browsing, 
and retrieval of x-ray images are 
required. 
In this paper a system for 
effective storage and retrieval of 
diagnosis and medical images is 
presented. 
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1. INTRODUCTION 
 
Medical diagnosis is supported 
by information provided by 
patient through interviews, 
general laboratory tests, and 
specialized examinations such 
as: mammography, magnetic 
resonance, and endoscopies. 
Radiological images represent a 
high percentage of these 
examinations and x-ray of thorax 
is one of the most frequently 
used. 
 
Once the radiologist identifies a 
pathology x-ray images are 
stored and scarcely used for 
further analysis. These images 
contain useful information to 
support either diagnosis of 
another patients or training of
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physicians in medical schools. In addition, their use 
is limited to access and availability. Therefore, 
storage solutions to facilitate cataloguing, browsing, 
and retrieval of x-ray images are required. 
 
Digital media overcomes the aforementioned 
shortcomings and disadvantages of physical 
storage such as deterioration and required room. In 
addition, it facilitates access and transmission of 
data 
 
In this paper a system for effective storage and 
retrieval of medical images based on their content is 
presented. This tool facilitates: 
 
• Digital storage of radiological images and 
diagnostics. 
• Management of related data, specifically 
clinic information. 
• Web-based access. 
• Queries by text and/or queries by image 
example. 
• Data analysis through customized reports. 
 
The system effectiveness is considered in three 
aspects: low access latency, accuracy, and 
scalability. 
 
Low access latency refers to the efficiency of the 
tool in terms of query/response delay. The success 
of any image retrieval system depends on the 
speed the results are shown. Users are reluctant to 
accept search engines if they need to wait too long 
for the responses. 
 
Accuracy describes the quality of the responses 
independently of the complexity of the content in the 
visual database. It does not make sense to develop 
efficient systems in terms of retrieval speed if the 
quality of the results is poor. 
 
Scalability refers to the independence between the 
size of the image database and the query/response 
time delay. An approach is fully scalable if the time 
between query and response does not depend on 
the size of the database. 
 
The implemented system combines visual features 
with symbolic descriptions for content-based 
radiological image retrieval. A method based on 
texture similarity applied on an interest zone, i.e. a 
sub-image containing a tumor, along with clinic data 
is used for cataloguing and searching x-ray images. 
Existing diagnostics are retrieved based on query 
by text and/or query by image example. 2 
Finally, the system architecture uses an abstract 
Application Program Interface (API) that provides a 
product-neutral interface between the front-end and 
database servers. It allows an application that is 
portable between servers from different 
manufactures. 
 
The remainder of this paper is organized as follows: 
Section 2 introduces a theoretical background on 
image processing and content-based image 
retrieval. Section 3 gives a description of the 
medical image retrieval system. Section 4 
concludes the paper and describes further work. 
 
2. THEORETICAL BACKGROUND 
 
Digital images are usually obtained by converting 
continuous signals into digital and computer-
readable binary format. Extraction and improvement 
of relevant information from these images is 
performed using digital image processing. It 
facilitates human interpretation and development of 
automatic visual information systems. 
 
An image can be considered as a combination of 
different perceptual features, i.e. color, texture, and 
shape; that can be used for searching and retrieving 
the image data. Content-based indexing and 
retrieval of images exploits automatic extraction of 
these features for managing information on large-
scale image databases. In addition, a set of features 
can be combined with high level concepts, i.e. a 
diagnostic given by the radiologist, to generate 
interpretations of the image content. 
 
Following a brief introduction to digital image 
processing and content-based image retrieval is 
presented. 
 
2.1 Digital Image Processing 
Digital image processing consists of five stages: 
acquisition, preprocessing, segmentation, 
representation and description, and recognizing and 
interpretation. 
 
The image acquisition stage pursues a 
representation of real-world objects through a digital 
image. It requires a sensor and a digitizer. The 
sensor is a physical device sensitive to certain band 
of the electromagnetic energy spectrum that 
produces an electric signal output proportional to 
the detected energy level.  The digitizer is an 
electronic device which converts the electric signal 
from the sensor into a digital format [6][7]. 
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The preprocessing stage is addressed to improve 
the image quality to facilitate the next stages, in 
particular the segmentation stage. It is made either 
accentuating similarity or dissimilarity among pixels 
within a region or in different regions, respectively. 
Some representative preprocessing methods are: 
histogram modification [9], noise reduction [8], 
contrast increasing [13], and distortion correction 
[10]. 
 
The segmentation stage consists of dividing the 
image into parts or objects to generate information 
at pixel level [2]. The unsupervised segmentation is 
one of the most difficult tasks in digital image 
processing. 
 
The representation and description stage produces 
information at the highest abstraction level. The 
representation transforms sets of segmented pixels 
into more elaborated information elements such as 
contours and regions. Contours are focused on 
external features, i.e. edge-based representations 
[5]. Regions are concentrated on internal features, 
i.e. texture-based representations [14]. The 
description consists of feature selection and 
extraction to differentiate elements using 
quantitative information (image descriptors). 
 
The recognizing and interpretation stage assigns 
labels based on information of its descriptors 
interpreting the meaning of a set of identified 
elements [1][11]. 
 
2.2 Content-Based Image Retrieval 
The use of low-level visual features to search and 
retrieve relevant information from image databases 
has drawn much attention in the recent years. As a 
result, several systems have been developed to 
search throughout image databases using visual 
primitives [3]. 
 
 3Figure 1. CBIR System overview. 
Content-based retrieval systems (CBIR) use image 
descriptors to facilitate representation of features 
related to image content. A feature is a 
distinguishing primitive characteristic or attribute of 
an image, which are grouped into a feature vector. 
This vector can combine natural (luminance, 
texture, etc.) and artificial (color histogram, etc.) 
descriptors. 
 
These descriptors can be linked at different levels of 
abstraction: 
• The raw data consists of elementary units 
together with some general attributes such 
as format, size, number of colors, etc. It is 
the lowest abstraction level. 
• Low-level content is characterized by 
features such as color, shapes, textures, 
etc. It is the next higher abstraction level. 
• High-level semantic content contains high-
level concepts such as objects and events. 
It is the highest abstraction level. 
 
CBIR systems use several pattern recognition 
methods. In this context, a pattern recognition 
method is applied to feature extraction, clustering, 
indexing, and similarity-based image retrieval. In 
Figure 1 an overview for a proposed content-based 
medical image retrieval is depicted. 
 
3. SYSTEM OVERVIEW 
 
The proposed system has two main parts:  a control 
access sub-system and a content-based indexing 
and retrieval sub-system. Figure 2 illustrates the 
overall system architecture. 
 
3.1 System Architecture 
The system architecture is based on web 
technologies and consists of three layers as is 
shown in Figure 3. 
 
The first layer is accessed through a web site. It 
performs validations and basic computing 
operations such as: image improvement and sub-
image selection. This layer is supported by a 
Common Gateway Interface (CGI) to work on the 
Server side and Applets to have part of the 
application functionalities on the Client side. 
 
An extension of Servlets known as Java Server 
Pages (JSP) is applied to implement CGIs. JSP 
combines code in Java programming language and 
HyperText Markup Language (HTML). User’s 
requests of JSP resources are transformed by a 
web server into an object to facilitate further 
interactions during a session. 
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Figure 2. System architecture. 
 
The second layer contains the application logic. It 
receives and processes the user’s requests. It 
interacts with a repository through the third layer. 
 
The third layer stores and retrieves information from 
a repository of persistent data. This layer uses Java 
Database Connectivity (JDBC) which provides a 
product-neutral interface between the front-end and 
database servers. It allows an application that is 
portable between servers from different 
manufactures. 
 
4
Web Site 
Web Navigator with JAVA support 
Application Container (Tomcat, JBoss) 
JSP and Servlets interpreter
Database Connectivity (JDBC) 
Database Management System 
Figure 3. Layered system overview. 
 
3.2 CBIR Functionality 
The content-based Image retrieval sub-system has 
three modules: image description module, storage 
module, and query/search module. The system 
functionality can be described as follows.  
 
Let  be an 
image,  be feature sets where 
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The input to the CBIR is a sub-image called Interest 
zone which is extracted from a radiological image. 
In Figure 4 a sample of a radiological image is 
shown. Figure 5 depicts a selected interest zone.  
 
The image description module implements the 
procedure: 
1 read  x
2 extract  )(tf
3 generate tE  
4 read diagnosis 
 
Feature extraction is applied on sub-images instead 
of the whole image. 
 
tE  is based on the MPEG-7 Homogeneous Texture 
Descriptor, which provides a quantitative 
characterization of homogeneous texture regions for 
similarity-based image-to-image matching. It is 
based on computing the local spatial-frequency 
statistics of the texture. 
 
The descriptor is computed by filtering the image 
with a bank of orientation and scale sensitive filters, 
and computing the mean and standard deviation of 
the filtered outputs in the frequency domain [12]. 
 
Semantics of Homogeneous Texture Descriptor has 
62 values and can be denoted as follows 
 [ ]30213021 ,,,,,,,,f,fHTD dddeeeSDDC KK=  
 
where,  and  are the mean and standard 
deviation of the remaining values.  and  are 
the nonlinearly scaled and quantized mean energy 
and energy deviation of the corresponding 
channel. 
DCf SDf
ie id
hti
 
Figure 6 presents the channel distribution. Table 1 
shows the homogeneous texture descriptor for the 
sub-image depicted in Figure 5. 
 
Average = 112   Standard Deviation = 101 
Energy 
184     161     179     204     208     212 
167     174     178     178     162     164 
158     174     149     179     153     164 
143     158     147     152     161     158 
171     187     156     133     165     186 
Energy Deviation 
187     159     179     205     213     216 
158     175     174     177     152     153 
142     168     132     169     140     158 
129     134     143     133     155     158 
151     159     125     115     125     163 
Table 1. Homogeneous Texture Descriptor. 
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Figure 4. Lung cancer image sample. 
 
 
Figure 5. Sub-Image representing an interest zone. 
 
 
Figure 6. Homogeneous Texture Descriptor Channels. 
 
The diagnosis corresponds to the semantic 
interpretation given by the radiologist to image . It 
may include a suggested conduct or treatment to be 
followed, i.e. a biopsy. 
x
 
Using strategies for semi-automatic image 
annotation, the semantic interpretation can be 
automatically propagated to other images [4]. 
 
The storage module implements the procedure: 
1 find cluster for tE  
2 generate index  )(xidx
3 link  to clinic data )(xidx
4 storex , tE , and  )(xidx
 
Clustering image descriptors avoids full scan 
traversing of the content-based repository.  
 
Given a user’s request q  the query/search module 
implements the procedure: 
1 read  q
2 process  q
3 search content-based and clinic DB 
4 display results 
 
This procedure supports query by text and query by 
image example. Text-based predicates are used to 
extract semantic interpretations along with clinic 
data. An image is used to retrieve previous 
diagnostics of similar images using the 
corresponding descriptors and metrics. 
 
The query result displays images and brief 
summaries of the associated information. If 
necessary, the links established by the storage 
module are used to extract detailed information. 
 
4. CONCLUSIONS AND FURTHER WORK 
 
The proposed system is robust and scalable. It 
retrieves and uses information contained in 
radiological imagery and diagnostics. 
 
The remote and on-line access facilitates 
contributions of expert radiologists and analysis 
based on previous cases. 
 
This content-based diagnosis and medical image 
retrieval system is useful to support activities of far 
hospitals using a non-expensive infrastructure and 
Internet access. 
 
In addition, this system is an easy way to convey 
knowledge and experience of the specialists for 
training of physicians in medical school. 
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